Methods: Standardized mortality ratios (SMR) and life tables were calculated for strata defined by combinations of gender and HIV transmission group. The effect of dropouts was investigated with a sensitivity analysis and by analysing CD4 cell counts before dropout.
Introduction
It is well known that mortality rates have decreased substantially since the introduction of highly active antiretroviral treatment (HAART) in the year 1996 [1] [2] [3] [4] . Several methods have been applied in order to estimate this effect, including standardized mortality ratios and survival analysis.
Comparisons of mortality in HIV positive patients with that in the general population have been made for selected groups: Lewden et al. calculated standardized mortality ratios for HIV-infected patients who had started a protease inhibitor-containing therapy in France [5] . Jäggy et al. calculated excess mortality rates in selected subpopulations of the Swiss HIV Cohort Study (SHCS) to estimate mortality in the period of HAART [6] .
However, the evolution of total mortality in the SHCS has not been assessed in detail and life tables have not, to our knowledge, been calculated for a HIV positive population. Life tables are based on age-specific death rates of the year in which they are constructed and therefore give a cross-sectional view of the mortality during a given year. The life span of each individual is projected on the basis of the actual death rates in a given population [7] . This is the key difference to classical survival analysis (such as Kaplan-Meier curves and Cox regression), where every individual is followed for a certain time period. This study analyses the mortality of HIV-infected persons in general. HIVrelated mortality itself is not evaluated. A particular aim was to compare mortality among different HIV transmission groups before and after introduction of HAART.
Methods

Study population
The SHCS is a prospective multi-centre cohort study with continuous enrolment of HIV-infected patients aged 16 years and older. Enrolment is independent of the stage of disease or the degree of immuno-suppression. Information about demographics, HIV-associated diseases, medications and laboratory parameters is collected in a standardized way at registration and followup visits at intervals of 6 months. Informed consent is obtained from all participants. The SHCS includes an estimated 70% of all patients with AIDS in Switzerland [8, 9] . The demographical characteristics (sex, risk group and age at diagnosis of AIDS) of the SHCS participants are similar to those of the overall HIV positive population in Switzerland. More than 12 600 patients have been enrolled and around 5400 are currently being followed. More details are given elsewhere [9, 10] .
For this study we included all participants of the SHCS who had a follow-up visit or died between 1 January 1990 and the 31 December 2001. Mortality data for the Swiss population were obtained from the Swiss Federal Office of Statistics and the Human Mortality Database [11] .
Analysis
Three different approaches to the analysis of mortality were used.
1. For each year the risk of death was calculated by dividing the number of patients who died during that year by the number of patients under observation at the beginning of the year. To illustrate the relation to treatment changes, the proportion of patients receiving different types of antiretroviral treatment (one drug only and combinations of two, three and more than three substances) at 1 January of each year was calculated for each year. 2. Standardized mortality ratios (SMRs) were calculated as the ratio of the number of observed deaths to the number of expected deaths in strata defined by gender and transmission group [injecting drugusers (IDUs), non-IDUs: overall and stratified by heterosexual and homosexual men]. In addition, SMRs for patients who had started HAART were calculated. HAART was defined as a combination therapy of at least three antiretroviral treatments containing proteinase inhibitors or non-nucleoside reverse transcriptase inhibitors. Expected number of deaths were calculated for each calendar year by multiplying the age-, sex-and calendar yearspecific death rate of the general Swiss population with the mid-year cohort population (mean number of patients followed at 1 January of two consecutive years). Ninety-five percent confidence intervals for the SMRs were calculated according to Chiang [7] . 3. Standard abridged life tables (grouping age in 5-year intervals) were calculated for the same strata as for the SMRs (combination of gender and transmission groups). The number of deaths and the person-years of follow-up for each age interval and subgroup were summed over the 6 years before the introduction of HAART (1990 HAART ( -1995 and over the 5 years after HAART was introduced (1997) (1998) (1999) (2000) (2001) . The year 1996 was omitted, since the effect of HAART was not fully developed by then. The respective survival functions and 95% confidence intervals (CI) were calculated.
Dropouts
Participants were defined as dropouts in the following situations: withdrawal of consent, moving out of Switzerland or missing all appointments for at least 14 months. If a patient returned after 14 months, he or she was again included into the cohort and was no longer considered a dropout.
The possible impact of dropouts was explored with a sensitivity analysis of the SMR calculations and with an examination of the last CD4 cell count before leaving the study both pre-HAART and during HAART for IDUs and non-IDUs.
For the sensitivity analysis, lower-bound SMRs were obtained by excluding deaths that occurred after dropout, but have nevertheless been reported. This method has the advantage that the study population is clearly defined but the disadvantage that it does not take into account all available information. Upper-bound SMRs were calculated by the assumption that all dropouts died 14 months after their last follow-up visit.
In order to explore patients' immune status before leaving the study, we defined three groups of escapeevents: Patients who have not participated in the study for at least 14 months, but later returned (the break group), patients who did not return (the dropouts group) and patients who have died (the deaths group).
Escape-events were classified by year, where the date of leaving was defined as last follow-up date plus 14 months for the break-and the dropout group, and the year of death for those who died. If a drop out or break patient was known to have later died, he was then categorized under 'death' for that year in which the death occurred.
Thus defined, a patient could have escape events in different years. For the first escape, the last CD4 cell count within 2 months before the date of leaving the study was determined. The median of these CD4 cell counts was compared both before and after the introduction of HAART for all three escape-groups and stratified by IDUs and non-IDUs.
Results
Patient characteristics and overall risk of death Between 1 January 1990 and 31 December 2001, 10 977 patients had at least one cohort visit. Seventyone percent of the participants were men. 7037 patients were seen or have died during the period of HAART, of whom 5393 had started HAART.
During the study period 3630 patients died and 2290 patients dropped-out. The median age at death varied from 33 to 41 years (Table 1) . Women were more likely to drop out than men, with dropout rates of 25 and 19%, respectively (P , 0.001). A similar difference was observed between IDUs and non-IDUs, with dropout rates of 26 and 18%, respectively (P , 0.001).
The yearly risk-of-death declined significantly from 13% in the years before 1995 to 3% after 1998, while the prevalence of therapies combining three or more drugs increased to more than 70% after 1998 (Fig. 1) .
Standardized mortality ratios
The overall SMR has decreased from 79. ( Table 1 ). The SMRs of the transmission categories 'heterosexual' and 'homosexual men' were very similar to the overall non-IDU group (results not shown). If, in the second period, only patients who had started HAART are considered, the SMRs are 1.4-to 1.7-fold lower for all strata. The mean SMR has not declined as strongly for IDUs (from 98.2 pre-HAART to 40.9 during HAART) as for non-IDUs (from 69.2 pre HAART to 9.4 during HAART) and in every stratum the mean SMR was lower for men than for women.
Abridged life tables and survival functions
An example of a life table for the SHCS population is given in Appendix 2. Although the derived survival curves (Fig. 2) are similar for different transmission groups before HAART became available, survival for IDU patients is much lower in comparison with nonIDUs in the HAART era. The transmission groups 'heterosexual' and 'homosexual men' were not different from the overall non-IDU group (results not shown).
Dropouts
A total of 6705 of the SHCS participants have had at least one break, have dropped-out or have died. The first 'escape event' was a break for 2473 patients, a dropout for 1650 patients and death for 2582 participants.
Measured CD4 cell counts within 2 months prior to the first escape event were available for 4131 individuals. The median CD4 cell counts before the escape events for the dropout group were more similar to the values of the break group than those of the deceased (Table 2 ). This similarity to the break group was observed in the pre-HAART as well as the HAART era irrespective of the transmission group.
The sensitivity analysis shows that with the upperbound scenario SMRs are considerably higher than the values in the main approach where dropouts were not taken into account and that, also under this scenario, the SMRs decrease strongly in the HAART era (Fig.  3) . The values of the SMR of the total population within the upper-bound scenario are 114.2 and 39.6 for the pre-HAART and HAART eras, respectively. For IDUs the SMRs reduce from 147.4 to 93.9 and for non-IDUs from 96.9 to 24.9.
Discussion
The SHCS reflects quite well the situation of persons living with advanced HIV disease in Switzerland [8, 12] .
This study, involving more than 52 100 person-years of follow-up, showed that even though mortality has substantially decreased since the introduction of HAART, overall survival and life expectancy in the SHCS remain considerably below that of the general Swiss population. The main results obtained were the following.
1. The probability of death was reduced significantly from nearly 0. 13 . For IDU patients the calculations could only be performed until the age group of 55+ since there were too few patients of older age. Overall mortality Studies in many countries have reported a marked decrease of mortality since the introduction of HAART [1] [2] [3] [4] . Although the reported magnitude of decrease is similar, direct comparisons are often difficult because of differences in methods or in the composition of study populations.
Standardized mortality ratios
SMRs showed marked differences in mortality between strata and between the pre-HAART and HAART era. The SMRs for the first period were 2.4-(IDU) to more than 7-fold (non-IDU) higher than in the HAART era. The upper-bound scenario of the sensitivity analysis confirms the strong decrease of the SMRs in the HAART era and that the mortality reduction in IDUs is lower than in non-IDUs.
Even in the HAART era not all patients were treated. Among those who should be treated, some refuse to take HAART because they fear its side effects or they feel that the treatment is too complicated. A physician's perception that the patient would not comply with treatment is yet another reason for not prescribing HAART [13] . If the analysis was restricted to patients who have ever started treatment with HAART in the HAART era, the SMRs are lower in all strata. This decrease reflects the high mortality rate in patients who should have been treated but were not.
For the years 1997 to 2001 the SMRs for the patients who had started HAART therapy are comparable with those reported in a similar study in the French population [5] . However, calculation of SMRs does not completely remove the influence of differences in population composition and therefore these SMRs are not directly comparable with those presented herein.
Jäggy et al. [6] limited their analysis to a specific subgroup of the Swiss HIV Cohort. In our study we analysed mortality irrespective of concomitant disease and treatment outcome and thus our estimates of mortality were higher.
Higher SMRs for women in comparison with men of all transmission groups are an artefact of the fact that, in the Swiss population, men in the age range 20 to 45 years experience a higher mortality rate than women [14] , whereas in the SHCS death rates for men and women are comparable (results not shown).
The survival functions indicate, however, that the absolute risk of death is similar for both genders (results not shown) as has already been reported [15, 16] .
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. Abridged life tables and survival functions Comparing the survival curve of the Swiss population with the survival curves of various groups of patients in the SHCS, it is again clearly apparent that the overall mortality of HIV-positive patients is still substantially higher than the mortality of the general Swiss population.
Before HAART was introduced, the survival functions of IDU and non-IDU patients were similar: HIV infection seems to have masked the effect of injecting drug use with respect to mortality during this period. After the introduction of HAART, overall mortality in the IDU patients decreased less than in non-IDU patients. Since IDUs are more likely to drop-out from the study than non-IDUs (P , 0.001) and some of the dropouts are likely to have died, we underestimated mortality of the IDUs in our main approach. Therefore, the difference between IDUs and non-IDUs since HAART has been introduced, is even greater than shown.
The limited effect of HAART in IDUs has been observed by other authors [17] [18] [19] . Possible explanations for this are decreased access to treatment and delay in starting therapy [13, [20] [21] [22] , poorer adherence [23] [24] [25] and more frequent non-AIDS-related deaths [26] [27] [28] [29] [30] .
Access to treatment and delay in starting therapy no longer seems to be a major problem in the SHCS as the treatment situation and the CD4 values at the initiation of HAART are similar for IDUs and nonIDUs [31] . This is in contrast to the year 1999 in which it has been shown that those patients in the SHCS who acquired HIV through injecting drug use had a significantly higher risk of receiving inadequate treatment [13] . It has to be noted that in Switzerland the obligatory health insurance covers the cost for antiretroviral treatment.
Co-infection with hepatitis C in the SHCS is especially high for IDUs (92%) compared with non-IDUs (7%) and also the proportion of patients dying of liver disease was higher for IDU-patients [32] .
Analysis of dropouts
The overall dropout-rate of 21% (2290 of 10 977) is high. Assuming different scenarios about the fate of these will affect the results of the analysis.
The upper-bound scenario of the SMRs (in which it is assumed that all dropouts have died shortly after their last follow-up visit) seems not to be realistic since the CD4 cell counts before dropping-out were closer to the values observed in the break group than to the last available measurement for patients who died. The values in the dropout group were generally lower than the values in the break group. This result is consistent with the fact that some of these dropout-patients had died. CD4 values were comparable for IDUs and nonIDUs for all escape groups except the group of deaths during HAART. For this group the CD4 values before death seem to be higher for IDUs: this result confirms the fact that IDUs die more often from non-AIDS related deaths.
Limitations
Although life tables facilitate comparison of mortality over extended periods of time, they are based on current mortality rates which are likely to change in the future. The calculation of SMRs cannot completely remove the influence of differences in overall population composition. Further, it is very probable that some patients who are lost from follow-up have died, and thus the number of deaths included in the analysis may be under-estimated.
Conclusions
The calculations of SMRs and of survival curves both clearly demonstrate that, during the period in which HAART has been available, mortality remains higher in HIV-positive patients than in the general Swiss population. The differences are substantial among subgroups. However, this observed mortality pattern probably does not apply to a newly HIV-infected individual. The situation might improve in the future with the development of new drugs or the situation might decline with increased resistance to therapeutic drugs and an increased impact of side effects. As new treatments for HIV appear, it will continue to be important to identify differential response to those treatments across demographic groups.
